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INTRODUCTION. 

During the summers of 1908, 1912, and 1913 I made collections 
of plankton Crustacea from 124 lakes and ponds in Colorado, at 
elevations from 4,100 to 12,188 feet. I have also received material 
from Prof. Max M. Ellis and Mr. L. C. Bragg. These collections have 
yielded 55 species of Entomostraca, wliich form the basis of this 
report. I have also made use of all other available records of species 
previously reported from the State, giving a total of 71 species 
(Phyllopoda, 16; Cladocera, 34; Copepoda, 21).^ 

The following list includes the localities where fairly complete col- 
lections have been made in the State. 



On the plains: Feet. 

La Junta (Dodds), 11 lakes at about 4, 100 

Boulder (Dodds), 7 lakes at about 5, 300 

Greeley (Beardsley), several lakes at about 4, 600 

In the mountains: 

Tolland region (Dodds), 106 lakes ' 8, 100-12, 188 

Twdn Lakes region (Juday), several at about 9, 200 

Pikes Peak region (Ward), 5 lakes at about 11, 000 



Besides these, there are a number of localities from which one or 
two species have been reported — scattered records in mountains and 
plains by various men, including some records by early naturalists, 
chiefly with the Hayden survey. 

The interest of this study lies in the fact that here, within a rela- 
tively small area, we find a wide range of environmental conditions, 
physiographic and climatic, with a corresponding diversity of ani- 
mal and plant life. The eastern two-fifths of the State of Colorado 
is included within the area of the Great Plains, with a climate, except 
for its arid nature, essentially like that of the Mississippi Valley 
generally, while the remainder includes the highest area of the Rocky 
Moimtain region, parts of which have a climate almost arctic. 

1 For list of these lakes, their elevations, and the species collected in each, see Table 8, printed as a folio 
at the end of the text. 
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It will be seen from the above that while collections have been 
made from widely scattered representative localities in the eastern 
half of the State, the greater part of my own collections are from an 
area with the city of Boulder as its center, including 7 lakes on the 
plains east of this city and 106 in the mountain region to the west. 
This mountain area I will refer to as the Tolland region after the 
town of Tolland, where, during most of my study, I made my headquar- 
ters, at the summer mountain laboratory of the University of Colo- 




Fig. 1. — Map of Colorado showing localities where Entomostraca have been collected. The 
BLACK RECTANGLE INCLOSES THE TOLLAND REGION, THE AREA SHOWN IN DETAIL IN FIG. 2. 

rado. The lakes of the Tolland and Boulder regions aflFord especially 
favorable conditions for the study of altitudinal distribution, because 
here, within a distance of less than 30 miles, is passed through the 
whole range of chmatic conditions, from temperate to subarctic. 
To the east of Boulder extend the plains with elevations up to 5,400 
feet, while to the west, clearly visible, 20 miles away, Arapahoe 
Peak with its glacier, rising to .13,506 feet, marks the Continental 
Divide. 

The climatological data presented in the following paragraphs, 
while in general true for any part of the State, apply particularly 
to this area. 

CLIMATE. 

The data regarding climate presented in this paper are, for the most 
part, from the annual summaries of the Weather Bureau for the Colo- 
rado section, though use is also made of data collected by Francis 
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Ramaley and other members of the biological staff of the University 
of Colorado, all interpreted in the light of eight years' residence at 




Fjg. 2.— Map of Tolland kegion, the abea included in the black rectangle in fig. 1, 

Boulder and of several summers spent in whole or in part in the moun- 
tains of this region. 

Three stations have been chosen as representative of typical condi- 
tions in different parts of the area under study: 

Denver (5,272 feet), in plains region, records for 41 years. 

Frances (9,300 feet), mountains, records for 8 years. 

Corona (11,660 feet), high mountains, records for 6 years. 
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Reference to the maps (figs. 1 and 2) will show that the two moim- 
tain stations lie within the Tolland region and that Denver on the 
plams is also so located as to be of direct use when compared with the 
other two stations. In discussing chmate, special attention has been^ 
given to precipitation and temperature, because these two factors of 
climate seem to be those most directly of mterest in relation to the 
fauna under study. 

Precipitation , — The usual increase of precipitation with elevation is 
well marked in this region and seems to continue to the highest ele- 
vations, as is shown in Table 1. 



Table 1. — Annual precipitation. 



Stations. 

1 


Total pre- 
cipitation. 


Snowfall. 


Denver 


Inches. 
14. 02 
24. 10 
43.69 


62.3 inches (54- feet). 
180 inches (15 feet). 
390.6 inches (324- feet). 


Frances 


Corona 





The plains are decidedly an arid region. Denver is fairly typical 
of the entire eastern plains of the State, but there are places where 




the rainfall is only 11 or 12 inches. The arid climate of the plains 
seems, as will be pointed out later, to play the chief part in determin- 
ing the nature of their entomostracan faima. The greater precipi- 
tation of the mountam region is probably of little importance directly, 
but has its chief significance in the fact that a large proportion of it 
comes in the form of snow. Reference to figure 3 shows that at 
Corona the greater part of the precipitation comes in those months 
when it is entirely in the form of snow (all months but Jmie, July, 
and August). At the higher lakes, great banks of snow accumulate 
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on the slopes above, or extend out over the lakes on the ice, and have 
a great deal to do with keeping the temperature of the lakes low 
throughout the summer. 

Temperature . — Temperature is probably the climatic factor which 
in this region plays the largest part in determining the distribution 
of animal life, and it is the factor which within our area is subject to 
the greatest variation. On the plains we have the conditions which 
are prevalent throughout temperate latitudes, while in the higher 
parts of the mountains there is a close approach to arctic conditions. 
For purposes of comparison between different parts of the area mader 
study, I have made use agam of the three stations — Denver, Frances, 
and Corona — the elevations and temperatures of which are shown in 
Table 2. 

Table 2. — Mean annual temperature. 



Stations. 


Elevation. 


Mean annual temperature. 


Above sea. 


Above Den- 
ver. 


As observed. 


Below Den- 
ver. 


Denver 


Feet. 

0,275 

9,300 

11,660 


Feet. 


“F. 

49.8 

41.0 

26.0 




Frances 


4,02S 

6,385 


8.8 

23.8 


Corona 





The conditions recorded at Denver are representative of the plains 
in general, and those at Corona of the highest lakes studied in this 
region, so that the difference between these two stations expresses the 
divergence between the two extremes of lakes. It is seen that the 
mean annual difference between these two stations is 23.8° F., whicn, 
allowing 1.35° F. as equivalent to 1° of latitude, corresponds to 17.2° 
latitude. Thus, though Corona is distant from Denver but 40 miles, 
it has an annual mean which might be expected 1, 200 miles to the 
north. It is this steep temperature gradient that gives interest to 
studies in this region. 

As a matter of fact, the isotherm corresponding to the temperature 
of Corona does actually pass through these far northern regions 
as may be seen by reference to map (fig. 4), while that of Frances, 
though less extreme, also passes well to the north, at one place touch- 
ing the Arctic Circle. In this map it is to be noted that the isotherms 
are drawn as reduced to sea level, so that the effect of elevation is 
already felt at Denver, where the actual temperature is probably 15° 
F. below the corresponding sea-level temperature shown on the map. 
An isotherm map, not reduced to sea level, would show all lines bend- 
ing far southward over the Rocky Mountain system, as a result of 
which the isotherm of 26° F. would actually pass through Corona, 
while at Denver, only 40 miles to the east, would be that of 50° F. 

The mean distribution of temperature throughout the year at these 
three stations is shown in figure 5. 
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Though the annual mean gives a ready basis for comparison, and 
furnishes an index of general climatic conditions, it is probably not of 
itself as effeetive in determining distribution of aquatic animals as 




Fig. 4.— Isotherm map of the world, with the isotherms of Corona and Frances drawn in. 



other peculiarities of temperature, such as maximum and minimum 
temperature at certain seasons. Figure 6, a graphic representa- 
tion of mean monthly minima for the three stations, shows that at 




Corona there are six months in the year during which zero F. is 
commonly reached, and that further, during all months, freezing tem- 
peratures may be expected. As a matter of observation, frosts are not 
uncommon during the entire summer in the higher parts of this region. 
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Figure 7, showing mean monthly maxima, indicates in another way 
the difference between these three stations. It is seen that at Corona 




there are three months — December, January, and February — during 
which the temperature remains constantly below freezing, while at 




Fig. 7. —Mean monthly maximum temperatures. 

Denver during the same months it commonly reaches 65° F., a 
higher figure than the average maximum at Corona during the summer 
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months. These studies of maxima and minima show more clearly 
than does the annual or monthly mean the rigorous nature of the 
climate and short duration of the summer season in the region of the 
highest lakes. 

The above data regarding climate do not touch directly on the 
medium inhabited by the Crustacea — the water. To an aquatic 
animal climate means water temperature, not air temperature, and 
the data just given are of importance only because the temperature 
of the water is determined by that of the air and by general climatic 
conditions. Nevertheless it is desirable that data be given concern- 
ing the temperature of the water during the summer, the length of 
time free from ice, etc. Such records will be presented as a part of 
the accoimt of the lakes themselves. 

TOPOGRAPHY AND DESCRIPTION OF LAKES. 

The eastern portion of Colorado lies in the region of the Great Plains, 
with an elevation of from 4,000 to 5,000 or 6,000 feet. The plains 
have a gradual slope toward the east, the valleys are broad, and 
the hills gently rolling. In this region natural bodies of water are 
few and small, being limited almost entirely to transient pools and 
ponds which are dry for a considerable part of the year. In addi- 
tion to these natural ponds there are many pools, ponds, and reser- 
voirs which owe their existence to irrigation and are filled periodi- 
cally from ditches. The largest of these are reservoirs a mile or 
two in the largest dimension, containing water throughout the year, 
but subject to great fluctuation in level. Another quite frequent 
type includes the cattle ponds, depressions 2 to 4 feet deep and 50 
to 100 feet across, scooped out to hold water for stock. The water 
is commonly muddy from the clay bottom, is frequently very foul 
with the droppings of the stock which water there, and seldom con- 
tains much plant growth of any kind. There are long periods with 
neither outflow nor inflow and they may be entirely dry for con- 
siderable periods. Some of these have a very rich faima. 

In drawing conclusions about distribution it must be borne in mind 
that these artificial bodies of water are of recent origin, and it is en- 
tirely probable that their development has been more rapid than the 
migration of plankton Crustacea, so that an equilibrium has prob- 
ably not been reached. This condition may account for the absence 
of certain species from the plains which might be expected there. 
The chmatic conditions of these lakes present no facts of great inter- 
est, being essentially hke similar bodies of water in other parts of 
the Mississippi Valley. During the winter months, from the last of 
November till the close of February, they may be covered with ice, 
and the water temperature only a little above the freezing point. 
From May to September the temperature during the day commonly 
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rises to 90° F. in small bodies of water and probably at times to 100° F. 
Upper figure, plate 13, illustrates a typical lake of the plains. 

A description of the lakes in the mountain region is not so simple 
a matter, and, in view of the fact that the greatest interest of the 
present studies centers in the alpine fauna, must be given in greater 
detail. 

At their western border the plains pass, for the most part, abruptly 
into the momitains, so that the first rank of foothills often rises 
within a distance of a mile or two from one to three thousand feet 
above the plains. In sharp contrast to the topography of the plains, 
the relief in the mountains is great and the streams rim in narrow 
valleys a thousand or more feet in depth. The highest part of the 
mountains, the Continental Divide, crosses the State from north to 
south, in much of its course being from 11,000 to 13,000 feet in 
elevation, with peaks rising to 14,000 feet. 

In the mountain region west of Boulder there are very many small 
lakes, from 106 of which I have made collections. Inasmuch as nearly 
all of these lakes are of glacial origin, some account of glaciation and 
glacial topography is necessary. Though no part of Colorado was 
covered by the continental glacier there were in the higher moim- 
tains at the same time very many glaciers, only a few remnants of 
which remain. In the Tolland region these extended downward 
from the Continental Divide to an elevation of 8,000 to 9,000 feet, 
reaching eastward in the valleys as tongues of ice a distance of 5 to 
10 miles. On the western slope glaciation in this region was less 
extensive. 

The cirques in which these glaciers had their origins, just below 
the divide, are now one of the conspicuous topographic features of 
the higher parts of the mountains. Each cirque, separated from 
those adjacent to it by high, narrow ridges extending outward from 
the divide, is shut in on three sides by steep rock walls a thousand 
feet or more in height. In nearly every cirque is a lake fed by water 
from the huge snow banks, some of them perennial, which accumu- 
late on its walls in the winter. 

These lakes in the cirques at the heads of streams are the highest 
bodies of water to be considered and present the most extreme alpine 
coi ditions. They lie just at or above the upper limits of timber, 
nearly all of them at elevations above 11,000 feet, the highest one 
studied being Ice Lake at 12,188 feet. I have designated these as 
alpine lakes, and those at lower elevations in the mountains will 
be spoken of as montane, the division, as will be explained later, 
being made on the basis of faunal as well as physical peculiarities, 
I have made collections from 24 alpine lakes. 

None of these is more than one-fourth mile in length, and, while 
they are considered locally to be very deep, I suspect that few, if any 
of them, are over 50 feet, though as boats are not available it can 
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not be determined certainly. One of them (Yankee Doodle Lake), 
reputed locally to be ^^bottomless,^^ I found to measure about 25 
feet. The rugged inclines surrounding these lakes are covered with 
large angular fragments of rock, and the bottoms of the lakes are 
largely of the same material and usually practically devoid of silt 
and entirely without vegetable mold. The water, derived from 
melting snow on the slopes above, is very clear, and in many lakes, 
when viewed from above, presents a brilliant green color. 

A striking feature of these lakes is the great amount of snow which 
accumidates on the cirque walls above, in some of them extending 
well out over the ice cover of the lake. A lake so covered is long in 
becoming free from ice and the water remains at a low temperature all 
summer, so that climatic differences between alpine lakes are deter- 
mined by the size and position of such snowbanks rather than by 
elevation.' 

At the beginning of June, even in warm seasons, all of these lakes 
are completely covered with ice, and in 1912, a season of heavy snow- 
fall and delayed spring, the breaking up of the ice did not begin until 
early in July. In those where much snow extends over the ice the 
process is greatly delayed, as an extreme of which we have Ice Lake 
(12,188 feet), which on August 28, 1912, was still about half covered 
with ice and had a temperature of 40° F. (See lower fig., pi. 14.) It 
is probable that the ice did not entirely melt during the summer and 
that the temperature did not rise above 45°. I have made no obser- 
vations of the time of freezing of these lakes in the aut.umn and have 
been unable to get definite information, but, judgmg by general 
weather conditions in this region, the temperature of the water must 
begin to decrease early in September and it is probable that by the 
end of the month they are frozen over. By records made at times 
of studying each lake it has been learned that, at the time of breaking 
up of the ice, the surface temperature is 35° to 37° F. and by the 
time the last floating pieces have melted it has reached about 44.° 
It then rises rapidly to about 52°, where it remains without much 
change as long as any considerable mass of snow persists on the cirque 
walls above to furnish cold water. In aU alpine lakes except the 
few where there is insufficient snow to last well through the summer 
52° F. is about the maximum temperature. 

The striking conditions then, which characterize the alpine lakes 
are short season (two to three months free from ice) and the low 
temperature even during the warmest i^art of the year (a maximum 
of about 52° F.). (See fig. S.) 

Though it is not in aU cases possible to assign a given lake definitely 
to one group or the other, yet, for the most part, the alpine lakes 
form a weU-defincd group, quite distinct from any of the kinds of 
lakes which must be included in the montane group. 
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The lakes which I have designated as montane are of two main 
types: (1) Rock-basin lakes on the upper courses of the streams, 
just below the cirques; (2) morainal lakes inclosed by the morainal 
ridges in the valleys and on the lower hillsides These lakes are 
similar to each other and different from the alpine lakes in that they 
are surrounded by forests (pine, fir, and spruce), and that there is 
an abundance of other vegetation growing about them and at the 
water’s edge, as a result of which there may be much plant debris 
and considerable silt on the bottoms of the lakes. There may also be 
a considerable growth of algae and other aquatic plants. These 
features, together with the longer season and warmer temperatures. 




Fig. 8.— Curves showing the .\ppro.\imate distribution of surf.vce temperature throughout 

THE YEAR IN THREE SORTS OF LAKES. 



set them off distinctly from the lakes of the preceding group, and 
we shall see later that the fauna is also quite distinct. 

The rock-basin lakes on the upper stream courses are about the 
same size, on the average, as the alpine lakes in the cirques above 
but probably have less depth. There may be one or more of these 
lakes on a stream, which between the lakes usually descends over a 
steep terrace often several hundred feet high. (See upper fig., pi. 14.) 
The temperature conditions here are somewhat less rigorous than in 
the alpine lakes. The cold water flowing out from the higher lakes 
beccr. es somewhat warmed, and temperatures from 55° to 60° F. 
are ommon, the latter figure about corresponding to 52° in the higher 
lakes. The time of breaking up of the ice in the spring is about a 
month earlier than in the higher lakes. Though most of the lakes 
of this type are above 10,500 feet, and there are none to correspond 
to them at lower elevations, it seems, probable that, if lakes v^ere 
present on* the stream courses lower down, the difference in elevation 
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would not give to the lakes a decided faunal peculiarity to differ- 
entiate them from those just described. 

Morainal lakes, from about 40 of which I have made collections, 
are most abundant between 9,000 and 10,500 feet. These lakes, 
very numerous in some localities, are inclosed by a network of 
morainal ridges, usually timbered, varying from a few feet to about 
100 feet in height. Most of them are small, many of them mere 
ponds, and few are more than a few feet deep. They represent 
all stages of filling with silt and obliteration by growing vegetation. 
At one extreme are those with clean gravel bottoms and at the other 
marshes, where the water is entirely hid by plant growth, or meadows 
and thickets where the process of filling has produced dry land. 
None of these lakes are on large streams and most of them receive 
only the surface water from the small basin bounded by the sur- 
rounding ridges. Many never have any outflow and others only 
at times of high water. They are chiefly of a stagnant character, 
in strong contrast to those on the direct course of the streams, and 
the water is frequently of a dark brown color, due to the decaying 
organic matter on the bottom. (See lower fig., pi. 13.) 

Chmatic conditions are much less rigorous than in the lakes at 
higher elevations. I have not observed the time of the melting of 
the ice in the spring, but inquiries among people hving in tliis region 
place it at about the last of April, and freezing in the fall is probably 
in October or November. Water temperatures of 55° to 65° F. are 
common in June, July, and August, while in some of the lower ones 
70° or exceptionally 80° have been recorded. (See fig. 8.) 

It is to be noted that all of these lakes are included in the western 
or higher half of the area between the Continental Divide and the 
plains, and that in the eastern portion (the foothill area), to which 
glaciation did not extend, there are very few bodies of standing 
water of any sort. Accordingly data from elevations between 5,400 
and 8,000 feet are wanting. 

METHODS. 

In the plains region no special difficulties are experienced in col- 
lecting, but in the mountams, especially in the higher and rougher 
portions, the work involved in getting from lake to lake is great. 
Many of them can be reached only on foot, and my practice was to 
make trips of two or three days, carrying food, blankets, and the 
necessary collecting materials. For such work I reduced the col- 
lecting outfit to a size which was carried in an Army haversack with 
special pockets sewed in for vials, etc. 

A conical net of No. 10 bolting cloth was used. It was 16 inches 
long, with an openmg of 5 inches, supported by a stout wire ring, 
to which a long cord was attached by tliree shorter ones. In the 
bottom of the net, instead of the screw cup of Dr. E. A. Birge, I em- 
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ployed a small copper fimnel of about 40 cc. capacity, which may be 
stopped with a cork and easily discharged into any suitable vessel. 
The fumiel was loaded with about 2 ounces of lead to give weight 
to throw the net out from shore and to cause it to sink below the 
surface of the water. Such a net may be thrown out 50 to 75 feet 
from shore, or, by means of a long cord, drawn across small lakes 
or arms of larger ones. In practice I commonly threw out from 
several places on the shore and made surface 
collections by drawing the net in promptly, or 
deeper ones by allowing it to sink to the desired 
depth before drawing it in (fig. 9). 

During three seasons of collecting by this 
method the question often presented itself 
whether there is a considerable chance that im- 
portant species may be overlooked, rendering 
unreliable any conclusions based upon such ma- 
terial. Comparisons of collections made at dif- 
ferent times and at different points on the shore 
at the same time lead me to believe that there 
is little danger that any but some of the most 
infrequent species are likely to be overlooked. 

One weak point in my collections is that they 
were all made in the summer, which, while secur- 
ing the majority of species resident in the lake, 
fails to get those which may be winter residents 
only. It is probable that in some lakes in lower 
altitudes there exist species as winter forms that 
are part of the summer fauna in the higher 
ones. From some of these lakes only one collection was made, 
while from others material was secured at frequent intervals during 
one or two summers. It seems that in the higher lakes, where the 
summer season is short, one good collection at the proper time may 
be relied upon to contain all species; but in those at lower altitudes, 
where the season is longer, and seasonal succession is more marked, 
frequent collections are necessary. 

THE FAUNA OF THE AREA STUDIED. 

General nature and distribution . — tabulated summary of the 
results of my collections, by groups of lakes, is given in Table 4, 
page 76. From this it will appear that they contain 55 species 
including: PhyUopoda, 10; Cladocera, 28; and Copepoda, 17. xis 
noted in the introductory paragraph, when we add to these species 
those recorded by other students, we have a list of 71 known for the 
State. So far as possible I have considered all those records in 




Fig. 9.— jUkawing od' net 
trSED IN MAKING COLLEC- 
TIONS. 
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drawing conclusions. Figure 10 includes the total list for the State, 
with a graphic expression of the known range of each. Tlie solid 
black part of the lino represents the range as it appears from my col- 
lections and the open part the extension of range from other Colorado 
records. The broken lines indicate probable extensions of range into 
elevations not covered by the present records and arc based u^Ton the 
facts of general distribution of each species. The downward exten- 
sion of many species below the Colorado records means that these are 
common lowland forms in temperate latitudes and do not in Colorado 
find their lower limit, inasmuch as even the lowest portions of the 
State have considerable elevation. 

It is at once evident from the above chart that the species in this 
list fall into three groups — (1) those confined to the plains; (2) those 
limited to the mountains; (3) those that are not so restricted, but are 
found at all elevations. The first two of these groups include the 
stenothermic species, those unable to live except within rather nar- 
row extremes of temperature. The two stenothermic groups differ 
from each other in that while one of them is unable to withstand high 
tomperatui cs, the other can not tolerate low. The third group in- 
cludes the euthermic species those not so limited by temperature 
conditions, but able to live about equally well within wide limits, such 
as those between mountains and plains or between arctic conditions 
and tropical. In comparing vortical and latitudinal distribution, the 
first of these groups represents the arctic, or far northern, fauna; the 
second the more southern forms; while the third is typical of the 
species which have a wide north and south range. A brief analysis 
will show to what extent this parallel holds and will also point out 
that the stenothermic groups are in various respects more nan-owly 
limited than the euthermic. 

In the group confined to the mountains there are 16 species, and 
3 othei-s, which, though they do extend to the plains, belong pri- 
marily m the higher area, making 19 in all. These 19 species fall 
into two groups: (1) Ten species v/ith a wide range in arctic and 
subarctic I’egions (aU but one in both old and new worlds), which 
here range southward along the higher parts of the Rocky Moun- 
tains, a true southward extension of a northern fauna; and (2) nine 
species (some with very narrow ranges), pretty strictly confined to 
the Rocky Mountain region of the United States, a purely mountain 
fauna having the characteristics of an arctic fauna but including 
different species. 

The gioup confined to the plains has somewhat similar components. 
Of the 28 species assigned to this group (the position of 3 is some- 
what doubtful) 5 are found also in the old world and 6 others have 
quite a wide range in the United States. The remaining 17 species 
have a rather restiicted range on the plains of the western part of 
the United States, some few extending into Mexico and southern 
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Canada. The two stenothermic groups have the common charac- 
teristic, that each has a considerable proportion, of species with a 
very restricted range. 

E IcwQt/o ns . feet 




Names. 



Diajjtamns shoshone 
Diaptomus arapahoensis 
Diaptomus coloradensis 
Diaptomus lintoni. 

Diaptomus judayi. 

Macrothrix montana 
Limnetis gouldii 
Latova setifera. 

Holopedium gihherum. 

Euryecrus lamellatus 

Acroperus harpae 

Depanothrix devtata 
Catnptoccrcus rectirostris 
Pleuroxus procurvatus 
AloncUa exigua 
Alanella excisa 
Streptoccphalus coloradensis. 

Branchiveeta coloradensis. 

Diaptomus nudus 
D. Icptopus, var. piscinae. 

CantJioeamptus staphylinoides 
Strehlocerus scrricaudatus. 

Maerothrix hirsuticornis 
Alona ajpnis 
Alona guttata 
Alona rcctangula 
Daphvia longispina. 

DapJinia pulex 

Ceriodaphnia reticulata. 

Ceriodaphuia pulchella. 

Ghydorus sphwricus. 

Cyclops albidus 

Cyclops hicuspidatus 
Cyclops scrrulatus 

Cyclops viridis 

Graptolebcris testudinaria 
Simoccphalus scrrulatus 

Simocephalus vetulus 

Scapholcheris mucronata. 

Bosmina longirostris 

Canthoeaniptus minutis. 

Daphnia hynlina^. 

Daphnia psittaeea. 

Dunhevedia crassa. 

Lepiduriis bilobatus 
Diaptomus signicauda 
Diaptomus sidles 
Pleuroxus adunetus 
Pleuroxus dcnticulatus 
Lcydigca quadravgularis 
Kurzia latissi7na 
Moina braehiata 
Main a affinis 
Diaptomus clavieeps 
Diaptomus pallidus. 

Diaptomus siciloides 

Diaptomus albuqnerquensis. 

Marsh ia albuquerquensis 

Cyclops atcr 

Apiis lueasanus 
Apus aequalis^^ 

Apus newberryi 

Apus longicaudatus 
Eulimnadia texana. 

Estheria morsei 

Estheria mexieana 

Estheria compleximanus 

Streptoccphalus texanus 

Thamnocephalus platyurus I _I I 

Branchinceta paekardi. 

Branchinecta livdalili. 



Fig. 10. Graphic REPRESENTATION op altitudinal ranges of all species of Entomostraca known 
^ OCCUR in Colorado. Solid bars indicate the range as seen in the collections of the 
writer; open portions, extensions op range from other records; dotted portions, probable 
extensions of range into elevations not covered by Colorado records, especially into 

LOWER ELEVATIONS THAN THOSE FOUND IN THE STATE. 
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In strong contrast is the third group, including 24 species which 
seem about equally. at home in either mountains or plains. Of these 
there are 22 common to both old and new worlds, and only two have 
a range restricted to the western United States. 

Table 3 summarizes the facts presented in the preceding para- 
graphs. 

Table 3. — Distribution of species by groups. 





Moimtains. 


Plains. 


Mountains 
and plains. 


Nuinber species in each group 


19 


28 

17 


24 


Confined to western United States 


9 


2 


Confined to North America 


1 


6 




W’nrUf-wiiifi . 


9 


5 


22 







In the above comparisons between the euthermie and steno- 
thermic groups of species there have doubtless been some mistakes 
made in assigning certain species to a given group, but, even allowing 
for some error from this som'ce, it is quite evident that the steno- 
thermic forms found in tliis region have a much less extended range 
than the euthermie. Of course, inasmuch as stenothermic species 
are of necessity shut out from large areas by unsuitable tempera- 
tures, it is not to be expeeted that sueh species should have as wide 
ranges as do those forms not so limited, but sueh differences as those 
just pointed out can hardly find a complete explanation in this 
set of conditions. 

In this connection it is of interest to compare the genera Cyclops 
and DiaptojuuSj each of which is world-wide, forming an important 
part of the fresh-water plankton Crustacea ever 3 rvvhere. Cyclops is 
characterized by having a relatively small number of species, most 
of which are euthermie in nature and have a ^vide geographical 
range, while Diaptomus includes a multipficity of species, usually 
stenothermic and with very hmited ranges. Of the five species of 
Cyclops found in Colorado, four are very common at all elevations 
and are also practically world- wide in distribution; while of the 13 
species of Diaptomus about half belong strictly to the mountains, 
the other half to the plains, and not one of them has a range extend- 
ing beyond North America, most of them being confined to a narrow 
area in western United States. Moreover in the entire genus there 
is not Imown a single species common to Eastern and Western 
Hemispheres. The apparent correlation between stenothermic 
habit and restricted range is striking, but to what extent it is of 
general application and whether there is any necessary relation 
between the two conditions must at present be left unanswered. 

Zonation . — If we can recognize among plants or animals ranging 
through different cfimatic conditions a zonation, we have an instruc- 
tive method of analysis of use in bringing out significant points in 
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their distribution. Thus we recognize on the basis of latitude a 
very striking zonation of both animal and plant life and in a similar 
way a definite zonation on the basis of altitude. In the region of the 
Rocky Mountains from which my collections were made, Ramaley 
(1907) has defined and limited the plant zones on the basis of dis- 
tribution of forest growths as follows: 

Plains zone: Up to 5,800 feet. Grassland vdth trees and shrubs 
along water courses only. 

Foothill zone: 5,800-8,000 feet. An open forest chiefly of rock 
pine (Pinus scopulorum) . 

Montane zone: 8,000-10,000 feet. Close forest of lodge-pole 
pine (Pinus murrayana) . 

Subalpine zone: 10,000-1 1,500 feet. Forests chiefly of Engclmaim 
spruce (Picea engelmanni) . 

Alpine zone: Above 11,500 feet Above timber hne, where con- 
ditions are so extreme that trees will not grow. 

vSiich a zonation gives a definite datum to which other animals or 
plants may be referred. This expresses much more significantly their 
true position than to place them between such and such elevations, 
because on the basis of zonal position we at once have suggested the 
environmental conditions and associates, 

A study of the plankton Crustacea in my collections, and compari- 
son with the records of others, so far as they can be applied to this 
problem, indicate three pretty well defined zones, which I shall call 
alpine, montane, and plains zones, the first and the last corresponding 
in the main with Ramaley^s zones of the same names, and the montane 
zone covering prett}^ much the same range as his three middle ones. 
Whether these shall prove to be of general application to other parts 
of the Rocky Mountains or not, they afford an mstructive method of 
pointing out the significant features of distribution in the region under 
study. 

Alpine zone . — ^This zone includes lakes, nearly all of which are 
above 11,000 feet. The bodies of water that I have assigned to this 
zone (43 m all) include the lakes that I have designated as ‘‘ alpine 
lakes (together with a very few of these on upper stream courses, 
though not at the head), 32 in number, and 11 shallow pools at the 
same general elevation, all of them at or above timber line. Their 
general characteristics have already been pomted out. 

The fauna of these lakes, while less abundant in species and indi- 
viduals than that of the lower lakes, is by no means meager and in- 
cludes 17 species, some of which were found in certain lakes m con- 
siderable abundance. The fauna of this zone is characterized by (1) 
the greater abundance here of certain species than in other zones, and 
(2) the absence of a considerable number of species that are present 
in lower zones. 
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Table 4. — Summary of the writers collections by groups of laJces^ giving number of 
records in each zone^ the total number of localities^ and the altitudinal range of each 
species. 





Plains 

zone. 


Montane 

zone. 


Alpine zone. 
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a 

03 
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s 

g 

O+J* 

fH © 

<D 

OO 

3 
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o 
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Altitudinal 

range 


Branchinecta coloradensis Packard 


1 


1 


! 


i 


5 




5,100-11,200 


B. packardi Pearse 


2 








2 


4, 100-5, 100 


Thavinocephalu.s platyurus Packard 


1 




1 ! 


1 


4,100 


Streptocephalus coloradensis Dodds 


1 


3 


! 1 


4 


4, 900-8, 850 


S. iixanus Packard 


2 




1 




2 


5, 100-5,300 
4, 100 


A pus aequalis Packard 


1 




1 




1 


A. lucasanus Packard 


2 










2 


4,900-5, 300 
4,900 


Estheria complex imanus Packard 


1 








1 


E. morsei Packard 


2 








2 

2 


4,100-5 100 


Limnetis gouldii Baird 




2 






8, 500-9! 500 
8,850 


Laiona seiifera (0. F. M.) 




1 






1 


Ilolopedium gibherum Zaddach 




9 


1 


1 




11 


9, 500-10,950 
5, 200 
5,250-11,350 

4.100 

4.100- 11,650 
5, 400-9, 650 

4. 100- 10,350 

4. 100- 11,185 

4. 100 


Daphnia hyalina Levdig 


1 


(.*) 

39 




1 


D, longispina 0. F. M 


1 


8 


I 


48 


D. psittacea Baird 


6 








5 


JD. pulex De Geer 


3 


14 


4 


20 


, 7 


48 


Scapholeberis mucronaia (0. F. M.) 


1 


12 


1 




14 


Siniocephalus vetvlus (O. F. M.) 

Ceriodaphnia reticulata Jurine 


3 


22 


1 




26 


3 


17 




1 


1 


22 


Moina brachiota (Jui'ine) 


7 








Bosinina longirostris (0, F. M.) 

Streblocerus serricaudatiis (Fischer) 


3 








3 


4, 100-5, 400 
9,500 




1 


1 




1 


Macroihrix hirsuticornis Norman and Brady 


1 


5 


1 ^ 


2 




11 


5,400-11,250 


Eurycerus lamellatus (0. F. M.) 

Camptocercus rectirostris Schoedler 




s 


; 2 






10 


8. 100- 10, S50 

8, 880 

8.100- 10,950 
5, 200-10, 800 

5,200 

5,250-11,250 

8. 100- 11,185 




2 


! 


i 


2 


Acroperus harpo£ Baird 




11 


i 




1 


12 


Graptoleberis testudinaria (Fischer) 


3 


4 








7 


Lei/digea quadrangularis (Fischer) 


1 










1 


Alona rectangula Sars 




10 


2 


7 




22 


A. affinis (Levdig) 




11 


3 




1 


15 


A . guttata Sars 


(*) 

2 


4 






4 


8,100-9,500 
5, 400-8,675 
8, 150-9, 500 
5, 250 


Dunhevedia crassa King 


1 








3 


PleuToxus procurvatus Birge 




4 


i 






5 


P. adunctus Jurine 


1 








1 


P. denticulatus Birge 


3 








3 


5, 250-5, 400 

8.100- 8,475 
9, 500 

4.100- 12,188 

4,100 
10, 750-11, 165 

4. 100- 5, 400 
8,675-11,350 

8. 100- 10,950 

9, 575 
5, 200-9, 300 


Alonella eicisa (Fischer) 




2 








2 


A. exigua (Litljeborg) 




1 








1 


Chydorus sphaericus (0. F. M.) 

Diaptomus albuquerquensis Herrick 


6 

8 


32 


9 


15 


9 


71 

8 


D. arapahoensis Dodds 








4 




4 


D. claviceps Schacht 


2 










2 


D. coloradensis Marsh 




19 1 


1 


8 


1 


2d 


D. leptopv^vM. piscinae Forbes 


(*) 


27 






27 


D. lintoni Forbes 


2 








2 


D . niidus Marsh 


2 


5 




(*) 




7 


D. pallidus Herrick 


1 








1 


4,100 


D. Shoshone Forbes 


5 


1 


26 . 


7 


39 


9, 250-12, 188 
4,100 
4,100-11,000 


D. siciloides Lilljeborg 


2 








2 


Cyclops albidns Jurine 


3 


10 


1 


2 




16 


C. bicuspidatus Claus 


5 


13 


10 


6 


4 


38 


4.100- 11,900 

4.100- 11,150 

4.100- 11,600 


C. serrulatns Fischer 


5 


18 


3 


3 


1 


30 


C. viridis Jurine 


12 


24 


1 


4 


4 


45 


Marshia albiiquerquensis Herrick 


1 






1 


4, 100 


Canthocamptus minutis Claus 


(*) 








1 


1 


10, 200 
9,250-11,350 


C. slaphylinoides Pearse 


3 




1 


4 















An (*) indicates that the species has been collected in the zone by other investigators though not appear- 
ing in the collections of the writer. 



One species in my collections, Diaptomus arapaJioensis (four lakes), 
is confined to the zone, though its frequency is insufRcient to be of im- 
portance as a characteristic species. Diaptomus shoslione^ though not 
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strictly confined to the zone, belongs primarily here and is the chief 
differential form. It was found in 33 out of the 43 bodies of water in 
the alpine zone and only in 6 of the 63 lakes of the montane zone. It 
was first described from Yellowstone Lake by Forbes, and has since 
been collected at Pikes Peak by Ward at 11,000 feet, and in the Tol- 
land region, and may be taken as a typical alpine form. I have not 
found it below 9,250 feet. The species of second importance is 
Daphnia pulex (27 lakes), which, though present in all zones, and hav- 
ing a general distribution tliroughout the world, seems to have a par- 
ticular significance in this zone. The variety found here is a very 
large form with long straight spine and more than the usual number 
of anal spines and, of teeth in the pecten. The striking condition is 
the frequency with which these two species, Diaptomus shoslione and 
Daplinia pulex, are associated together in this zone, so that the two 
rather than either one may be said to cliaracterize the fauna of the 
zone. In 39 out of the 43 lakes assigned to this zone, one or both of 
these species are found, and in 22 cases both of them. This association, 
as we shall see- presently, gives place, in the montane zone, to another 
equally stable one. Third in frequency of occurrence is Chydonis 
spJiaericus (24 lakes), but as it is common in all zones and in all parts 
of the world it docs not seem to have any special significance in this 
zone. Next in importance comes Diaptomus coloradensis (nine lakes), 
which appears to belong in the lower part of this zone, whence it ex- 
tends into the montane zone, where it has its greatest abundance. 
This species, said by ^larsh to be common in the mountain lakes of 
Colorado, is closely related to D, ti/relli, a common mountain form in 
the western United Stjites. Only one other species need be men- 
tioned particularly, Branchinecta coloradensis (five pools). This 
pliyllopod characterizes the pools of this zone and in them makes 
a third member of the pulex-shoslione combination. Tliis species, 
common in the pools of the alpine region, has only once (9,575 feet) 
appeared in my collections from the montane zone, and this was in 
a pond where were also the two primary members of the alpine fauna. 
The species was described from material near Grays Peak at 12,000 
feet, has been collected near Leadville at 12,500 feet, and on the slopes 
of Pikes Peak at 11,000 feet, and ranks as a typical example of a moun- 
tain species with a restricted range. One record, however, necessi- 
tates somewhat of a changed notion on this point. 1 have recently 
received from Prof, Max M. Ellis a collection from St. Vrain, Colorado 
(5,100 feet), dated May 30, 1912, in which are a considerable number 
of specimens of this species. This record at once extends its range to 
the plains, where it is possible that it is found in the early spring, 
though not during the entire summer. The record does not, however, 
take away from its significance in the alpine zone, where it is much 
more common than at any other elevation. The remaining species of 
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this zone, as may be seen from Table 4, are, for the most part, 
euthermic forms ranging up from the plains. 

Montane 2 one. — ^To this zone I have assigned 63 bodies of water, 
nearly all below 11,000 feet (the great majority below 10,500 feet). 
In spite of peculiarities of different types of lakes, the faunal char- 
acters of this zone are well defined and quite distinct from those 
of either of the others. In this zone I have collected 35 species, 11 
of which are confined to the zone, though on the basis of general 
distribution 3 of these may be expected in the plains. Three 
other species, evidently belonging primarily to this zone, are foimd 
in one or two lakes each, at Boulder, just at the edge of the plains, 
but not in plains lakes more remote from the mountains. In addi- 
tion to these species there are the usual euthermic forms, common 
at aU altitudes, which make a large part of the fauna of all zones. 
On account of the absence of lakes in the foothill region of the momi- 
tains (between 5,400 and 8,100 feet) there are certain points about 
the fauna of this zone in doubt, especially the nature of the transi- 
tion between montane and plains zones. In describing the fauna of 
this zone it will be well to treat fii’st the 49 lakes of the morainal 
type, more or less stagnant in their nature, and later those directly 
on the stream courses (14 in number). 

In the morainal lakes there have been found 34 species (including 
all but one of those found in the zone), and in this region I think of 
the morainal lakes as being typical of the zone. The characteristic 
species, Diaptomus leptopus, var. piscinae (27 of the 49 lakes), is 
confined to the zone except for one record by Marsh of its occurrence 
in the lake on the university campus at Boulder. The most abun- 
dant species is Daphnia longispina (39 lakes), which, though it is a 
widespread species in temperate lowlands throughout the world, in 
our region seems to belong, primarily, to the montane zone, for it is 
not found at aU in the alpine lakes, and on the planes of the State 
it has so far been found in only one lake near Boidder, close to the 
mountains. Here, as in the alpine zone, the frequent association 
of two species (a copepod and a cladoceran) is conspicuous, and 
the two above mentioned form a pair which, in the montane zone, 
replaces the pulex-slioshone group of the alpine zone. In 43 lakes 
one or both are found and in 23 both. Though neither member of 
this pair has been found in any alpine lake, the members of the 
alpine pair have been found in this zone, Daphnia pulex (14), Diapto- 
mus shoshone (5 times), but there is only one case where all four 
species have been collected from the same lake. 

In spite of this and other cases of partial mixing of these two faunas 
the fact is quite evident that the two arrangements {pulex-slioshone 
and longispina-leptopus) are very much more frequent than either 
of the other possible combinations of these four species, and it is 
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equally clear that one pair belongs primarily to the alpine and the 
other to the montane zone. These two sets of species are nearly 
mutually exclusive, the conditions necessary for the one being so 
different from those demanded by the other that it amounts essen- 
tially to mutual repulsion. This is especially true of the two species 
of Diaptomus and to a marked degree also of Diaptomus shoshone 
and Daphnia longispina. A third species of importance is Diaptomus 
coloradensis (19 lakes), found also in the alpine zone, which seems 
about equally well at home in either zone and to have about equal 
relations to each of the two combinations. It is to be noted, how- 
ever, that in neither zone is it so abundant as the definitive Diap- 
tomus^ of that zone. 

The significance of such combinations of species as the above is 
that they may be used as a measure of ecological conditions. In 
our area Diaptomus shoshone and Daphnia pulex are ecologically 
similar, as are also the corresponding members of the montane pam, 
and the two pairs are ecologically dissimilar, though the lack of 
similarity is not the same in degree between all of these species. 
Though we are unable to measure in physical and chemical units 
the complex of conditions required for any of the above species, the 
frequency of them association together gives us an index for the 
measurement of the similarity of the conditions demanded. Con- 
ditions required by two species may be so similar that one is seldom 
found without the other, or they may be so unlike that they are as 
mutually exclusive as if one actually repelled the other. I have 
reduced to percentages the frequency of association of the members 
of these two pairs and also of Diaptomus coloradensis, which is a 
frequent associate of both. In Table 5 are shown the association 
percentages of each of these species in the alpine and montane zones. 
It is read as follows: Daphnia pulex is found in 45 lakes, in 27 per 
cent of which Daphnia longispina is foimd, in 20 per cent Diaptomus 
leptotus, etc. 

Table 5. — Association percentages. 



Name. 


Daphnia 

pulex. 


! Daphnia 
' longi’ 
spina . 


Diapto- 
mus lep- 
topus. 


Diapto- 
mus sho- 
shone. 


Diapto- 
mus colo- 
radensis. 


Number 
of lakes. 


Daphnia pulex 




27 


20 


58 


25 


45 


Daphnia longispina 


25 


49 


8 


34 


47 


Diaptomus leptopus 


33 


85 


4 


26 


27 


Diaptomus shoshone 


66 


10 


3 




30 


39 


Diaptomus coloradensis 


38 1 


55 


24 


45 


29 







From the above table the high association percentages between 
the two members of each pair are evident as well as the low correla- 
tion between the two species of Diaptomus or between Diaptomus 
shoshone and Daphnia longispina. Such figures as the above are 
useful in giving other sorts of infonnation about the inter-relations 
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of the several species, as for instance, the less restricted nature of 
Dajyhnia pulex and Biaptomus coloradensis , evidenced by their more 
uniform correlation percentages, contrasted with the wide variability 
of correlation of each of the other three species. In using such figures 
care must be exercised not to attach to them greater significance 
than is justified on the basis of the number of localities collected and 
the frequency of occuiTence of the various forms, but in this table 
I suspect that the significance of the figures is less, rather than 
greater, than the actual facts, because, in some cases, two species 
are computed as living in the same lake when one of them is plainly 
the dominant form and clearly belongs there, while the other one is 
present in small numbers and barely manages to exist. 

In a similar manner I computed correlation percentages between 
all the species in my collections, and though such figures when ar- 
ranged in the fonn of a table were useful in the analysis of my data 
they do not seem of suflRcient importance to publish. I merely sug- 
gest this as a possible means of analysis for other data of this sort. 

The following northern species, which range southward along the 
mountain range, are entirely or nearly confined to these lakes, and 
belong primarily to the montane zone: Limnetis gouldii (3 lakes), 
Latona setijera (1), Holopedium gihherum (9), Eurycerus lamellatus 
(8), Acroj^erus liarpae (11), Camptocercus rectirostris (2), Alonclla 
excisa (2), and Alonella cxigua (1). Two other species worthy of 
mention are Diaptornns lintoni (2), described from the Yellowstone 
region, and Biaptomus nudus (5), described from lakes at Pikes Peak 
at 11,000 feet, apparently under alpine conditions, but in the Tolland 
region not found above the montane zone. Smioceplialus vetulus 
(22), the dominant Cladoceran in marshes and weedy pools of this 
zone, is widespread and common in all zones except the alpine, from 
which it may be shut out by the lack of plant growth rather than 
by extreme climatic conditions, an indirect rather than a direct effect 
of altitude. Oliydoms spliaericus and four species of Cyclops are 
common here but have no significance as they are met with every- 
where. Other species not of special significance may be learned by 
reference to Table 4. 

Of the other lakes of this zbne, the 14 on stream courses, it is 
difficult to give a good characterization. At first I was inclined to 
place them in a separate zone, the subalpine, but becanise of the lack 
of lakes of this type in elevations below 10,000 feet it is not possible 
to tell which of their faunal characters are due to altitude. Barker 
Reservoir (8,200 feet), a lake of the same sort, has somewhat similar 
faunal characters, a fact which leads me to suppose that their fauna 
does not give place to a different one in lower altitudes. 

That these lakes are definitely distinct from those of the alpine 
zone is clearly indicated by the fact that while the dominant fonns 
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of the alpiiie lakes are constantly being carried into these lakes by 
the streams, yet they do not find a footing here, DapTinia pulex 
bemg found in small numbers in three of them and Biaptomus 
shoshone in but one. It is equally conspicuous that not only the 
definitive species, but also other important and common forms of the 
montane morainal lakes are either wanting or very scarce here, 
Diaptoinus leptopus being wantmg and Biaptomus longispina, though 
found in 8 of the 14, was never abundant. On the positive side we 
may say that the fauna of these lakes comprises 18 species, usually 
present in very small numbers, most of which are euthennic fornis, 
found at all altitudes. The only species which attains anything like 
abundance is Cyclops hicuspidatuSj found in 10 of the 14 lakes, in 5 
of which it is abundant. Not only does it seem more at home here 
than does any other species, but it is more abundant here than in 
any other type of lake studied. The reasons for assigning these lakes 
to the montane zone are unwillmgness, on the basis of the present 
data, to constitute them a separate zone; evident separateness from 
the alpine lakes; their geographical relations; and the fact that most 
of their species are also found in the morainal lakes of the montane 
zone. 

These two kinds of lakes I have taken as constituting the montane 
zone, and because those of the morainal sort are more abundant I 
have come to think of them as the representative type of the zone, 
to which I have referred the others. If the latter kind were the 
more abundant the faunal characters of the zone would be defined 
quite otherwise than they have been; but in either case, the dis- 
tinctness from those above and from those on the plams would 
remain, and the differences seem in either instance to be due to 
altitude rather than to peculiarities which might equally well be 
dupheated at any elevation. 

As already pointed out, the absence of lakes in the lower portion 
of the mountain region, a strip about 12 miles wide, makes it impos- 
sible to get data to show the nature of the fauna in the foothill 
region and the transition between montane and plams faunas. The 
small evidence we have bearing on this question seems to indi- 
cate that probably the chief species of the montane zone continue 
to be the dominant forms through the foothill area, wherever there 
are bodies of water. The finding of Biaptomus leptopuSj var. pis- 
cinae (1), B. nudus (2), and Baplinia longispina (1), montane forms, 
in lakes near Boulder, just at the edge of the plains, though not in 
plams collections more remote from the mountains, seems to indicate 
that these species, in the foothill region as in the higher lakes, may 
continue to be important forms. 

Plains zone . — My own data concernmg the plains lakes are some- 
what meager, due to the loss, before I had studied them, of a con- 
3343—10— Proc.N.M.voi.54 7 ^ ’ 
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siderable number of collections. My records are from only 7 lakes 
in the Boulder region and 11 near La Junta. To get a fairly ade- 
quate notion of the fauna of the plains I have, accordmgly, had to 
supplement my own records with all others available, chiefly those 
of Beardsley from the Greeley region, and still our Imowledge of 
the plains fauna is less complete than of that of the mountains. 
My own collections from lakes on the plains include 36 species. The 
total list is 50, and 5 others, though collected only in the mountains, 
are to be expected also on the plains, making a total considerably 
larger than that of both mountain zones combined. Of these 55 
species, 28 have been collected only in the plains, though a few of 
these, on the basis of general distribution, are to be expected in the 
mountains also. The remaining 27 range upward into mountain 
zones. The few lakes collected in the Boulder region, just at the 
border between mountains and plains, but really in the plains, seem 
to have a fauna somewhat resembling that of the montane zone, 
indicating, as is to be expected, that there is not a sharp dividing 
Ime, and that these lakes belong as much to the mountains as to the 
plains. 

Concerning the composition of the fauna it is unnecessary to go 
into detailed description, as it is made up chiefly of species which 
are common members of lowland faunas in America and to a con- 
siderable extent in Europe and other Old World areas. This is 
particularly true of the euthermic members of this fauna, but as 
pointed out previously (Table 3), it is not true to a large extent of 
the stenothermic members, those 28 species found only in the plains 
area, of which 17 are confined to the western part of the United 
States and 6 others to North America. This condition mdicates 
that like the fauna of the mountain lakes, that of the plains is also 
considerably specialized. This is a condition contrary to expecta- 
tion, for we are accustomed to think of the plains conditions as the 

ordinary and the mountains as the ^^exceptional’' and so cal- 
culated to produce the exceptional fauna. It appears, however, 
that in the great plains of this country, especially their western 
portion (probably on account of their arid climate) there exist con- 
ditions of a quite specialized nature, differing decidedly from those 
of lowland countries in general. This may furnish an explanation 
for the restricted range of a considerable proportion of the species 
of the plains zone in Colorado. A conspicuous feature of this fauna 
is the large proportion of Phyllopods (12 species) confined exclu- 
sively to the plains zone, none of which has a range extending beyond 
the semiarid plains of western United States, northern Mexico, and 
southern Canada, and most of them are much more restricted than 
that. Though Phyllopods are universally distributed and every 
portion of the world is likely to have the group represented in its 



NO. 2226. 



DISTRIBUTION OF ENTOM OSTRAGA—DODDS. 



83 



fauna, it is very unusual for so large a proportion of a fauna to fall 
within this group. Of the 42 North ^bnericaii species of Phyllopods, 
16 have been found in Colorado (12 coniined strictly to the plains) 
and 25 are confined to the area west of the meridian of Kansas City. 
These species are the part of the fauna which differentiates it from 
that of most lowlands in temperate regions. This type of fauna finds 
a suital)le home in the transient pools of the arid plains, from which 
the species unable to endure these conditions are excluded. Because 
other types of lakes and ponds were almost unknown here until the 
development of irrigation produced them, the more generalized por- 
tion of the fauna has not had the same chance to develop, and it is 
probable that even with the facility of dispersal which characterizes 
plankton organisms, an equilibrium has not yet been reached, so that 
we mayexpectthenext period of years to produce considerable changes. 

Though the exploration in no part of the area studied has lieen 
anything like complete (especially deficient in the plains area) it is 
pretty evident that three welhdefined zones exist, and while further 
investigations may change many details, it seems safe to assume that 
what has been presented here expresses fairly well the main facts. 
Table 4, page 76, expresses briefly the facts about zonation. It would 
be of interest to learn how far this zonation may be applicable to 
other portions of the Rocky Mountain region, and to what extent the 
dommant species may be the same in otlier localities, but u]) to the 
present, in other mountain areas in this countiy, insufficient work has 
been done to give a very definite notion of its plankton Crustacea. 

COMPARISON WITH OTHER MOUNTAIN FAUNAS. 

Though no extensive work on mountain plankton Crustacea has 
been done in this country, there has been accomplished in Europe 
some work of considerable importance, notably in two regions, the 
Alps and the mountains of the Scandinavian Peninsula. 

Important among work in the Alps is that of Zschokke (1900) 
treating other European mountains as well. Much of his descriptive 
matter dealing with the nature of lakes and streams, and his photo- 
graphs of lakes m the Alps, might well be used to illustrate conditions 
in the higher part of the mountains of the Tolland region. Ilis 
description of a typical alpine lake essentially describes lakes of our 
own alpine zone, so that we arc justified in making a direct compari- 
son of the fauna. The only conspicuous difference is that in the Alps 
corresponduig conditions arc reached at a lower elevation than in the 
Colorado Rockies. A comparison of the plankton Crustacea bemgs 
out a striking similarity also, for though so far separated geographi- 
caU}^, a comparison of the 63 species from the Alps with the 44 
reported from our own mountains shows 19 species in common 
(Table 6). Zschokke’s data are not presented in such a way as to 
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make it possible to determine if there is a zonation similar to that 
just described for our own mountains, and a comparison of the gi’catest 
recorded elevations for each of the 19 common species, while showing 
a general agreement, also presents some striking differences which 
make comparisons on this basis of little direct use. The average 
difference in greatest elevations is approximately 3,500 feet, which 
probably expresses the relative values of altitude in the two regions 
as affectmg plankton Crustacea. 

Table 6. — Species common to the three mountain regions. 



Name. 


Colo- 

rado 

Moun- 

tains. 


Swiss 

Alps. 


Swed- 

ish 

Moun- 

tains. 


1 

Name. 


Colo- 

rado 

Moun- 

tains. 


Swiss 

Alps. 


Swed- 

ish 

Moun- 

tains. 


Tfnlo'ppdiu'm gihbp.riLTn 


* 


♦ 


* 


Aland guttata ^ 


* 


* 


* 


Dapunid longispind 


* 


* 


* 


Aland quadrdngularis 




* 


* 


Daphnia pul ex 


* 


* 


* 


Alonelld excisd | 


* 




* 


Dfi.phnin. nydlixici 


* 


* 




A lonelld eiigud 


* 




* 


Si mnppphalus vp.tulua 


* 


* 


* 


PleuTOXus truncatus 




* 


* 


f!cfl(ui.n.p}i7iia pulchplld 


* 


* 




Chydorus sphaericus 1 


1 * 


* 


* 


CcTiodoLphnio, quadTungulo, 




1 * 


* 


Cyclops albidus 


i ♦ 


* 




Scn.phnlpbpris mup.ronat.a 


* 


1 * 


* 


C. bicuspiddtus 


i ♦ 


* 




Streblocerus senkaudatus 

Mnprnfh.rir hir.^tufip.ftrnis 






* 


C. serrulatus 


* 


* 


* 


* 1 


* 




C. strenuus 




* 


* 


ptnstmirm Inngirostriit 


* 


* 




C. vernalis 




* 


* 


KuryppruR la 7 n.pUat.UR 


* ' 


! * 


* 


C. viridis 




* 


* 


* 


A cT^pcfUR harpap. 


* 


* 


* 


Didptomus denticornis 


1 


* 


* 


A Inu/i affixtiR 


* i 


* 


* 


Cdnthacamptus minutis 


* 


* 




AlOTia costdtd 




* 


* 



























Ekman (1905), in an extensive accoxmt of the plankton Crustacea 
of the high momitains of northern Sweden, lists 49 species, 15 of 
which are also in the Colorado mountain list and 19 of them in 
Zschokke’s list from the Alps. In the three mountain lists there 
are 12 common species, certainly a strikingly large duplication 
considering the wide separation of the areas. Elanan recognizes 
three zones, birch, willow, and lichen, which he makes the basis of 
faunal zones. The limits and characters are shown in Table 7, 
compiled from his data. 

Table 7. — Table of zonation in Swedish mountains. 



Name of zone. 


Elevation. 


Time open. 


Average 

maxi- 

mum 

tempera- 

ture. 


Num- 
ber of 
lakes. 


Num- 
ber of 
species. 


Birkenregion (subalpine) 

Grauweiderregion (lower al- 
pine). 

Flechtenregion (higher alpine).. 


Up to 700 meters (2,300 
feet). 

|to 1,000 meters (3, 250 feet) . 
To 1,350 meters (4,350 feet). 


to 4 months. 

2 to 3i months. 

2 months and 
less. 


/10tol2C. 
\50to54 F. 
/ IOC. 

\ 50 F. 

(?) 


} 

1 89 

43 


45 

39 

26 



Above 1,350 meters depressions are filled with permanent snow. No faima. 

In determining the character of the entomostracan fauna of a lake, 
Ekman considers that temperature is of prime importance. He 
finds that in all zones the smaller bodies of water open earher in the 
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spring and attain a higher temperature during the summer, so that 
for temperature conditions and faunal characters the smaller lakes 
at higher elevations resemble the larger ones at lov/er altitudes. As 
a result of this condition, faunal zones can not be drawn definitely 
on the basis of altitudinal limits, but there is overlapping due to the 
size difference of lakes. In lakes of the Colorado Rockies I find the 
temperature difference above referred to, but have been able only 
indefinitely to correlate it with faunal differences. It is not easy to 
compare zone for zone with the Colorado lakes, but it is probable that 
his birch zone agrees with the upper part of my montane zone, and 
that his other two correspond to my alpine zone, although I have 
not encountered conditions as severe as those of his highest lakes. 

PLACE OF COLORADO FAUNA IN WORLD DISTRIBUTION. 

Wesenberg-Lund (1908), in summarizing the present knowledge 
of the fresh-water plankton of the earth, classifies lakes under the 
following zones : 

(1) Arctic lakes: Those in Arctic America, Greenland, Franz Jos- 
eph Land, Spitzbergen, Nova Zembla, and Arctic Siberia. 

(2) North European lakes : Scotland, Iceland, Norway, Sweden, 
Finland, etc. 

(3) Central European lakes of the level country. 

(4) The Mediterranean lakes. 

(5) Tropical lakes : Those of Central Africa and places of similar 
climate. 

To these zones he adds (6) the Central European alpine lakes. 

He describes the physical and climatic characters in each zone, and 
so far as possible gives the constitution of the plankton. 

Though a detailed comparison can not be made, it is possible to 
assign some elements of our Colorado fauna to certain of Wesenberg- 
Lund^s zones. The lakes of the alpine zone, though less extreme 
than the northernmost of those, belong very close to the arctic lakes. 
Though there are few common species, the general similarity of the 
fauna is evident. Holopedium gihherunij which he considers as very 
nearly confined to the arctic regions, is found in our alpine and mon- 
tane zones. Other species considered as arctic by him are Daphnia 
longispinaj Bosrnina longirostrisj Ceriodaphnia pulcheUaj and Ohydorus 
sphaericus. All these range southward from the arctic regions. In 
Colorado they are not by any means the most important nor the 
highest of our alpine forms, but they do range high in the mountain 
region. The importance of Diaptomus in both faunas is marked, 
though it is not surprising that there are no common species of this 
genus. The essential agreement of the climate of our alpine zone 
to that of the zone occupied by the arctic lakes has been pointed out 
in the section on climate. 
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Our montane zone seems to correspond to the North European 
lakes. The isotherm indicating the mean annual temperature at 
this elevation in the mountains of Colorado passes through the coun- 
tries he assigns to this zone. The agreement of faunas is also evident. 
Certain. species, most of which do not reach into the arctic regions, 
are common in the North European lakes and also in our montane 
zone. Chief among these are the following: Laiona seiifera, Daplinia 
longispinaj Cerioclaphnia reiiculataj Simoceplialus vetvluSy S, serrvla- 
tusj Scapholeheris mucronataj Sirehlocerus serricaudatus, Euryccrus 
lamellaiusj Camptocercus rectirostrisj Acroperus harpaej Graptoleheris 
testudinariaj Alona guttata, Depanothrix dentata. These species are 
common in our montane zone, though not confined to it, and do not 
commonly reach into the alpine zone. Thus it seems that our two well- 
defined mountain zones correspond to the two most northerly zones 
recognized by Wesenberg-Lund. It is probable, however, that the 
most extreme conditions met with in our alpine zone are less extreme 
than the most extreme of the arctic zone. 

If we carry the comparison further, we may compare the plains 
zone with the Central European lakes ‘of the level country, except 
so far as our conditions are specialized and local in their nature due 
to the arid climate. Wesenberg-Lund comments on the very great 
similarity (large number of common species) between the plankton 
of Central Europe and temperate North America. 

The above writer is unable, because of the relatively small amount 
of data, to clearl}^ recognize in America zones corresponding to those 
of Europe. Judging partly by the mean annual temperatures and 
partly by the available records of the distribution of plankton Crus- 
tacea it appeal's that the Hudson Bay region and Labrador correspond 
to the arctic zone, and that the region from Lake Superior and east- 
ward to Newfoundland represents the zone of the North European 
lakes. Just where lines should be drawn between zones in the 
western portion of Canada and in Alaska is not clear except that 
the mountainous nature of this area causes the lines to curve far 
southward. It is accordingly not possible definitely to refer the 
different zones represented in the Colorado mountains to their posi- 
tion in the scheme of general distribution on this continent. This 
much is certain, that the alpine zone is a true southern extension of 
arctic condition and of arctic fauna along the higher parts of the 
Rocky Mountains. 

The great similarity between the fauna of the higher Rocky 
Mountains and that of the Alps has already been pointed out. Each 
resembles the fauna of arctic regions. There is this difference: 
While the alpine fauna of the Colorado Rockies is a direct southern 
continuation, without interruption, of an arctic fauna, that of the 
Alps is separated from the corresponding arctic fauna by intervening 
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lowlands, and rises as an island, surrounded by faunas of warmer 
climates. This difference of situation does not, however, make any 
apparent or significant difference in the nature of the two faunas. 
The conditions and fauna in both cases, as pointed out by Zschokke, 
are glacial in their nature — in the Alps as a remnant left at the 
retreat of the glacier, and in the Rockies as a direct southern exten- 
sion of present glacial conditions in the north. 
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